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CHAPTER I 
REVIEW OF LITERATURE 
Hos pi t a l  and c lini c adminis trators recognize the exc es s ively 
long ou tpa t ient  wai t i ng t imes and the ove rcrowde d wai ti ng s paces  as 
cont inu i ng problems . The po tential  us e fu l nes s of Operati ons Res earch 
t echniques i n  s olving the s e  prob lems has been recognized  for many 
years . In fac t ,  queueing the ory has been succe s s fu l ly app l ie d  to 
the s e  problems i n  re lative ly simple sys tems where the ma thema ti c a l. 
mode l can be derived. (1) In dea l i ng with more c omp l i ca te d  sys tems, 
analys t s  have f ound the t echnique of  sys tem s imulat ion to be of  more 
va lue . (2 )  
Mode l i ng a c l i ni c  i n  e i ther the mathematical forms of Queue i ng 
Theory or acc ord ing to the l ogic s truc ture of s imu lat ion requires s ome 
degree of s impl i ficat i on . This  s imp l i f icat i on has s er i ou s ly a f fe c ted 
the applica t i on of  numerous mode ls to c linic s i tuat i ons s .ince many of  
the "catis e and e f fe c t "  re lat ionships are obs cured by uncontrol led  
fac t ors . Neverthe l es s , theoret i ca l  model  bu i lding i s  not w i thou t 
meri t . As the r e la t i onships between certain variab les are unders tood , 
they can be he ld  c ons tan t  i n  the model whi l e  other fac tors re lated to 
the prob l em can be s tudied . 
lchar les  D .  Flagle, Analysis of Congestion i n  an Outpatient C l inic , 
Operations Research Division, The John Hopkins Hospital, Ba ltimore ,  1963. 
2R.R.P. Jacks on , " De s ign of an Appointment Sys tem , "  Operational 
Research Quarter ly ,  15 , Se ptember ,  1964. 
The s imp le s t  mod e l s  assume a random arr iva l of  pat ient s . Such 
models a re ge ne ra l ly incorrec t s i nce mos t c l inic s do s c he du le the bu lk 
of the ir patients  ac c ording to one of the three maj or s chedu l ing or 
appointment sys tems . . l'hese  systems are individua l appointment , bl ock 
appointme nt , and modi fied block appoi ntment sys tems . 
With the i ndividua l appointme�t sys tem,  each pa tient  i s  given a 
pre c i s e  appointme nt time , and the amount of t ime a llowe d for each 
appointment i s  re lated to the expec ted consul tation . time . · Such an 
appointment sys tem can be ve ry succe s s fu l  in cas es whe re the servic e  
t ime i s  predic tab le . In such s i tuations , o�ce a good e s t imate · of 
the s ervice t imes have been ob taine d ,  the appoi ntments tan be m�de to 
fit the s ervic e  t ime s . In  s i tuat ions involving unpredic tab le s ervi ce  
t ime s , such as is  the  cas e with medica l consu ltat ions , o ther 
·appointment sys tems ne ed to  be c ons truc ted to  keep  the id le  t ime on 
the par t of the phys ic ian and the patient to a minimum . 
S ome outpa tient c l ini c s  cope with this prob lem by  u t i l i z ing wha t  
is  known a s  the b lock app ointment sys tem . I n  this sys tem, a numbe r  
of patients are s chedule d  to  arrive at  the b egi nning o f  each c l inic 
s e ss ion .  The length of  the se s s i on is  usua l ly hal f  a day . This 
appointment sys tem e liminates the phys ician ' s  idle t ime , but re sul ts  in 
a l ong ave rage wai ting t ime for the pa tients , as we l l  as  poor 
uti l izat i on of  the wai t i ng areas . 
The mod if ied blo ck sys tem is  a compromis e betw�en the se extremes 
i n  schedul ing , and i n  thi s s ys tem , two or more pat ie nts  are.s chedu l ed 
at  the beginning of  shorter time per iods . Time per i ods  such as 
fifteen minu tes , thi r ty mi nu tes , and aI1. hour are c onnnon . The 
pat ients not immediately s erviced ac t as a re serve to min imi z e  the 
phys ic ian ' s wai t ing t ime . Further , the numbe r of pat ie nt s  pe r 
s cheduling period i s  related to the mean service t ime s o. that the 
pat ie nt wait ing t ime is min].mized . � 
Welch and Bailey (3) s tate d ,  "That a. phys ic ian ' s  t ime is  more 
valuable than a pat ient's is  a view which i s  generally acc e ptable 
t o  the lay public as well as to the medical profe s s i on .  Nevertheles s , 
the phys i c ian ' s  t ime i s  not infini tely valuable and i n  prac t i c e  s ome 
kind of balance mus t  be s truck be tween patient and phys ic ian . " 
Sub�equen t ly Welch and Bailey lis ted the fac tors  tha t a f fe c t  the 
rela t i on betwee n  a pat ient ' s  wai t ing time and the phys i cian ' s idle 
tiine : 
1. Patient ' s  unpunc tual�ty . 
2 .  Phys ician ' s  unpunc tuality . 
3. Variat i ons in  the lengths of.time patients s pend with the 
phys i cian (Service  time) . 
4 .  Var ia t i on in the length of t ime between appointments (Appoint-
me nt interval) . 
5. Variat ions in  the number of pat ients who fail t o  kee p  an 
appointment (No - shows ) .  
6 .  The phys ic ian ' s  wis h  to  have a res t per i od -during hi s office 
hours . 
3
J . D .  Welch and N . T.J . Ba iley , "Appointment Sys tems i n  Hos pi ta l 
Outpat ient Department s , "  Lancet , 322, September , 1952. 
4 
We lch and Bai ley  (4) c ons tructed a number o f  mathemat ic a l  mode l s  
i n  an a t tempt t o  minimiz e  pat i e nt ' s  wai t i ng t ime and phys ician ' s  idle 
t ime . They found tha t  the theore tica l  values of thes e  t imes were a 
func t i on of the consu l ta t i on or service time and the appo i n tment 
interva l .  The ir  c onclus i on was "That a reasonab le b a lance wou ld be 
s truck by g iving pa t ients  appointments at  an in terva l e qu a l  to the 
average c onsu l ta t i on s ervi ce t ime and s tarting with two pa t ients  
present a t  the  begi nning of  the ses s i on . " There was no schedu led 
break for the phys ici an except  for the lunch pe riod . They found that 
patients waited  on an ave rage , nine minu tes· from the t ime  of the i r  
appointment unt i l they s aw t h e  phys ic ian . I d l e  time f o r  the phys i c i an 
was ne g l i gi b l e . 
Bai l ey (5 ) later s tudied this prob lem of schedu l ing ou tpa tient  
appointments by examining a s eries of 50 hypothe tica l c l i ni c  s e s s ions , 
e ach with 25 pa t ient s . The bas i c  consul tation t ime for each patient  
was s e lec ted a t  random from a frequency dis t� ibu t ion ob ta ine d by 
f i t t i ng a Pears on type III curve to the data ac tua l ly observed i n  
practice . He c onc lude d_that by us ing a su itab le appointment  sys tem ,  
a grea t dea l of  pat ient wai t i ng time· .was e liminated wi th minima l 
phys ic ian id le t ime during each ses si on . 
The se  and other s tudies by We lch and Bai ley found that  pa tient  
5N . T . J .  Bail e y ,  " Study of Queues and Appoi ntment Sys tems. in  
Hos p i t a l  Ou tpat ie n t  Departments wi th Specia l Re fe renc e to  Wai t ing 
Times, " J ou rna l of the Roya l Statis tical  Society ,  14 , 1952 .  
5 
wa i t ing t ime s were part icu larly sens i t ive to  variat ions in  a ppointment 
interva l s  a nd that they were lengthened c ons ide rab ly by phys ic ian 
tardines s .  Pat i e n t  unpunctua l i ty was not c ons idered importan t ,  as  
it  was assumed that  they wou ld arrive on  t ime . "No- shows " were 
compensated for by increas ing the number of appointments  at each 
s e s s i on and/or dec reasing the i nte rv� l between appointments  by the 
percentage an t i c i pated from pas t experience . Thes e i nve s t iga t i ons 
a l s o  revea led that about 80 percent of the pat ients were ei ther ear ly 
or on t ime for the ir appointmen t s , but that phys ic ians , on the who le , 
were late . 
In 1959, S oriano (6 ) inve s t igated pro longe d wai t ing t ime s a t  
Wilmer Ophtha lmol ogica l Ins t i tu te o f  John Hopkins Hos pi ta l . His ana lys is 
indicated tha t the main  cau s es for exces s ive wa i t s  on the par t  of 
patients c ou l d  be  attributed t o  the nature of  the appointment  sys tem 
u s ed in the c l inic and the fac t that  phys icians were not adhering to  
the ir pres cribed c li nic  as s ignment schedu l es . The purpos e of Soriano ' s  
s tudy was t o  de termine a sui tab le appoin tmen t  sys tem which wou ld reduce 
the wai t ing t ime o f  the pat ient , and reduce c onges t ion in the hos pi tal  
wai t ing areas . I t  was recognized that the se obj ec t ives c ou ld not be 
a ttai ned at  the expense of  increased idle t ime on the part of the 
phys icians . Several patient- arriva l patterns  we re tried . 
lt was a s s umed tha t pat ient s  wou ld arrive on t ime for the i r  
6Abraham S oriano , "A Comparat ive S tudy of Block and Individua l  
Appointmen t Sys tems i n  Ou tpa tient  Department s , "  (unpub l i shed Mas te r ' s  
the s i s , the J ohn Hopkins Univers i ty ,  Bal timore , 1960 ) , page 10 . 
appoi ntmen ts . Soriano found tha t the pattern which came c l os e s t to  
meeting the ob j ec t ives o f  his s tudy was one requ iri ng two pati ents  
t o  be  pres ent a t  the  s tar t of the c linic sess ion and the rest  to  be  
individual ly s chedu led . 
6 
Inc reas ing the number of patients at  the beginni ng o f  · the c linic 
ses s ion tended t o  reduce  the average idle time of  the phys i cians, but 
s igni ficant ly increas ed the patient wai t ing time . Prior to  the new 
sys tem, the average pat ien t wai t ing time was 24 . 5  mi nut e s, and the 
average phys ic ian idle t ime was 11 minutes per day . Whe n  the modi fied 
sys tem wa s insta l led, a one - third reduc tion in  patient  wai t ing time 
was rea l i z ed . 
S oriano (7 ) a l s o  s tudied the prob lem of ba tc.h a rr iva ls  and its  
application to a s chedu l i ng sys tem and c ompared thi s t o  the 
individua l sys tem . Pat ie nts were scheduled to  arrive i n  b l ocks of 
two, where each had the same chanc e of being treated fi rs t .  This sys tem 
increas ed the probabi l i ty that  at leas t one patient wou l d  arrive on 
t ime . Hence, the phy s i c ian was as sured that he had a pa tient to  s ee 
when the c linic s ta r te d .  This  sys tem, c ompared to  an i ndividual  
appointment sys tem, tended to  reduce the phys i c ian ' s  id le t ime . On  
the other hand , the s ys tem als o i ncreased the pat ient wai ting time . 
7Abraham Soriano, 110n The Prob lem of Batch Arrival s  and I ts 
Applica tion to a Schedul ing Sys tem, " (unpublished doc tora l the s i s , John 
Hopkins Unive r s i ty, Bal timore, 196 2) , page 11 . 
S t o l l  (8) s tudied the appointment sys tem employed i n  the 
outpa ti ent medic i ne c l inic at St . Luke ' s  Hos pital  in Cleve land, Ohi o .  
He evaluated the expe c t ed perfonnance of an i ndividua l appoi ntment 
sys tem for schedu l i ng ind igent pa tients . He used s imu la tion to  
pred ict  the b ehavior of each patient ' s  arr ival pat te rn and  c ompared 
the average pat ient wa i t i ng t ime, average phys ician id le t ime, and 
ave rage phys ician t ime i n  the c l inic with the sys tem i n  u s e . His 
bas ic  phi los ophy was " t o  make condi tions be t te r  for. the pa t ients 
wi thou t making them wors e for the hospita l , c li nic pers onnel a nd 
phys ic ians s erving the medical  c linic . "  He found that the 
appointment · sys t em which came closes t to  mee ti ng the ob j e c t ives of 
his inve s t igat i on was the one in  whi ch two pa tie nt s were .s cheduled 
to be pre s ent fi fteen minutes pri or to the s tar t of the c l in ic 
ses s ion and the remaining pa t ients  were schedu led i n  a modi fied 
b l ock sys tem . 
White and P ike (9) derived an appointment  schedu l e  tha t 
minimi z ed id le phys i c i an time and pat ient wai t ing t ime whe n  mos t  
patients  were u npun c tua l .  The new s chedu le cal led for mod ified  
b l ock appointments  o f  two or  three patients, at interva l s  one  te nth 
of the length of  the s e s s i on, ra ther than for individua l appoi ntments 
r e la ted to the average t ime the phys i c ian s pe nds wi th the pa t ient . 
Bn. S to l l, "A Comparative Study of Cli nic  Appointme nt  Sys tems," 
(unpub lished Mas te r ' s  thes is, Program i n  Hos pital  Admi ni s tra ti on, 
Univers ity of Mi nnes ota , Minneapolis,  1 965) .  
%.J.B. Whi te and M . C . Pike, "Appointment  Sys tems i n- Outpat ients ' 
Cl inics  arid the Effec t of Pa t ients ' Unpunc tua li ty," Med i c a l  Care, 
3' 1964 ·. 
Phys ic ian ' s  interruptions and "no- shows " t-!ere compensa t e d  for by 
varying the number of patients s cheduled for certain of the 
interva ls . It was de sired to  bring the waiting time s down to  the 
officia� s tandard of 74 percent of the patients waiting les s than 
30  minutes . I n  fac t, this sys tem resu lted in 7 5  percent of  the 
punc tua l patients  waiting les s than fifteen minutes . 
Fe tter  and Thomps on (10)  s ta te that an additional fac tor 
involved in increa s ed patient waiting time was the occurrence of 
"walk-ins," where a "walk-in" is defined as a patient withou t an 
appointment . Their goal was t o  deve lop a mode l that wou l d  es tima te 
for any de lineated sys tem the probability of any numbe r  o f  
patie nts and physicians i n  a sys tem a t  any given moment .  
The se  s tudies show that a reas onable  ba lance b e twee n  pat ient 
wai ting time and physician id le time can realis tica l ly be  achieved . 
Several fac t ors, such as the punc tua lity of both physi cians and 
patients, the pa tient- arriva l pat tern at  the c linic, and the 
l ength o f  the consu l tation time play important roles in bringing 
about  that ba lance . It  seems feasib le, there fore, t o  devi s e  a 
patient- appointmen t  sys tem that can yie ld optimum bene fi t  to the 
patien t s, to the physicians, and to the c linic as a who l e . It mus t  
b e  rec ognized tha t any mode l wi l l  have direct  app lica tion  t o  on ly 
8 
lORobert B .  Fe tter  and John D .  Thomps on, "Patients ' Waiting Time 
and Doc tors ' Id le Time in the Outpatient Setting,"  Hea l th Services 
Re search, 1, 1 966 . 
a s i ngle cl inic due t o  these  i nteractions , a lthough the procedure 
wi l l  have much wider applica t i on .  
9 
CHAPTER II 
BACKGROUND AND COLLECTION OF DATA 
OBJECTIVE OF THE INVESTIGATION 
The ob j e c tive of  this inves tiga tion was to  design a procedure � 
by which an appointmen t s chedu ling sys tem could  be  developed in 
which 75  perc ent o f  the punc tua l patients wou ld be s e en by the 
physician within fifteen niinutes  of their appointment tithes, and t o . 
te s t  the s ys tem in an actua l c linic situation . I t  wa s al s o  de�ided 
that certain resul ts wou ld be t e s t�d for s tatis tica l signi ficance . 
BACKGROUND 
To devts e an appointment sys tem that would yie ld optimum bene fits 
to  the patient s ,  to  the physicians , and to the clinic as a who le , 
proper c onsideration mus t  be given to the . type of physician/patient  
interac tion taking place  in  that  c linic . The nature o f  the appointment 
schedu li ng procedure is a func tion of whether the sys t em is a 
single -physician clinic, a . mul ti- physician c linic wi th physicians 
individua lly s cheduled, a mu l ti- physician clinic with choice of  
physician not given, or  a hos pita l ou tpatient c linic . He nc e, a brie f 
de scription of the s e  various type s of patient/physician {nterac tion 
and their effec t on the appointment s chedu ling sys tem is in order . · 
1 .  Single -physician c linic . The single - physician c linic 
c onsis ts  of one physician who s e rvices all  the patients with 
minimal or no l ab orat ory facilities . Norma lly the pa tients, or their 
samples, are s e nt to an ou tside laboratory for laborat ory te s ts . 
1 1  
!hen the pat ients  a re reschedu led a t  a lat er date for further diagnos is 
when the resu l t s  from the laboratory are ava i lable . 
2 .  Mu lti -phys ic ian c l inic with physicians individua l ly s chedu l ed . 
The patients i n  a mu l t i..,;phy s ic ian c l ini c  have their choice o f  phys ic ians . 
Each physic ian has at  leas t one quali fied nurs e and one or more 
examination rooms a s s igned to him. - The phys icians s hare laboratory , 
surgi ca l suite s , and o ther spec ial examinat ion fac i l i'ties . Resu l ts of 
tes ts are frequent ly ava i lable  for a sec ond consulta t i on in the same 
sess i on .  
3 .  Mu l ti-phy s i c ian c l inic wi th cho ice of phy s i c ia n  not give n .  
In this form of the mu l t i-phys ic ian c l inic , the pa tient does n o t  have 
hi s choice of a·phys i c ian,  but is as s igned to a phys ic ian depend ing 
upon who is  fre e  at the appointment  t ime . This  arrangement reduc es 
the pa t ient-wai t ing t ime cons iderab ly , bu t the patient canno t have hi s 
choic e  of  phys ic ian . 
4. Hospita l ou tpatient c l inic . The hos pital  outpa tient c linic  
is  e s s e nt ia l ly a non-choice mu l ti-physician c li ni c  based  i n  a hospital. 
I t  has the advantage that the eme rgency pa tients can be taken care of 
more e as i ly a nd without loss  of  t ime because  of its  locat ion . 
Al l four types o f  c li nic s were not avai lab le for s tudy . As  one 
of the phys i c ia ns in a mu l t i -physic ian c linic , wi th i ndividual  phy s i c ian 
s chedu ling , expres sed an intere s t  in the deve lopment of a new schedu ling 
procedure , i t  was decided to cooperate wi th h im in  rhi s  s tudy . There 
are e i ght phys ic ians in this  part icu lar c l inic . In thi s  pa rt icu lar 
• 
c l inic each phy s ic ian has one qua l i fied nurse .and two or three 
exami nat i on rooms, depending upon hi s individua l pat ie n t  load, hi s 
apparent consu l ta t i on rate, and his s tatus i n  the o rganization . 
In orde r to deve lop a new s chedu ling procedure, a brie f look 
i nt o  the procedure currently in prac t ice. became es s en t ia l . The 
nurse did a l l  the s chedu l i ng for the phys ic ian . Pros pec tive pa tients  
c ontac ted the  nur s e  and  arranged for appointments . The eventua l 
appointment  depended upon the urgency of the pa tient ' s  c ond i t ion and 
the pat i en t  l oad on  the particu lar day . A backl og of pat ien ts  was 
provided a t  the s tart o f  each ha lf-day to e l im i nate phys i�ian id le-time 
during that per i od . I t  appe ared tha t the schedu l i ng o f  the . back l og 
d id not a lways c onform t o  a fixed pa ttern . 
The phys ic ian saw a number o f  walk- in pa tients i n  addi tion  t o  the 
s chedu led pat ien t s . S ome of  the se  were quasi- s chedu le d, i n  tha t they 
cal l ed the phys ic ian, and, having de scribed the ir c omp laint, were 
ask�d t o  c ome t o  the c l inic  f6r an examinat i on .  These  we re told they 
woul d be  se en a s  s oon as pos s i b le . Thi s  re s� l ted i n  a mix ture o f  
s cheduled and non- s chedu l ed pa tients  i n  the wai ting areas . 
The s c hedu l i ng sys tem re s u l ted i n  an exc e s s ive number of wai t i ng 
pat ients, and c o ns equent ly, the physic ian did not update the pa t i e nts' 
c harts at  the t ime he c onsu l ted with them. He pos tpone d  this func t i on 
t o  the end of the day, which appeared to be  an uns a t i s factory proc edure . ·  
A f l ow diagram of  the c linic  he lps one to  unde rs tand the pat h  o f  
the pat ient  through t h e  clini c. When the· pat ient arrived at  the c linic, 
he* wai ted for the receptioni s t  and then regis tered a t  the front desk . 
*Mascu line form w i l l  b e  used �egardles s  of s ex .  
F i g  .. 1 .  Pa t i e n t  F l ow Diagram of the Cl i n ic . 
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Physi c ian ' s  examina t i o n  
Lab work ne eded or n o t  
Ye s No 
Leaves 
Thi s  not i f i e d  the nur s e  tha t the pa t i e n t  wa s i n  the ou ter wai t i ng 
room. 
The nurse s tu d i e d  the chart , and i f  the pa t ie n t  wa s t o  have s ome 
o f  h i s  lab ora tory t e s t s comp l e te d  b e fore the consu l ta t i on w i th the 
doctor , the nurs e s h owed him to Wa i t ing Are a A .  The nurs e i nformed the 
l abora t ory t e chnician of the s pec�fic t e s ts tha t were nece s s a ry .  A fter 
the l a b ora tory t e s t i ng was comp l e ted, the p a t ient proce e de d to a nd 
wa i t ed in Wa i t ing Are a B .  
A t  t he t ime th i s  study was s tar ted , thi s par t i cu l ar loop exi s t e d  
on ly w i th comp l e t e  phy s i ca l  examina t i on s . It wa s evid e n t  tha t ce r tain 
rou t ine t e s t s  were ne e d e d  in comp l e t e  phys ica l exami na t i ons . Thi s  
procedure was more e f ficient than obta ining the l a borat ory s pecimen s  
a f t er the con s u l ta t ion . 
The nur s e  e s cor t ed the remai ni ng pa t ie n t s  i n  the ou t e r  wai t i ng are a 
to Wa i t ing Are a B -a s  s pace became ava i l ab le and i n  order o f  the ir 
appointme nt s .  Sub s e qu en t ly, a nd aga i n  i n  the�r order of a p po i n tme nt, 
the nurse p l aced e ach pa t ie n t  i n  one of the empt y  exam i na t i on·rooms. 
If nece s s ary , s he pre pared the pat ien t for the phys ici an's vi s i t . The 
phys ic ian exami n e d  the patient and decided whe ther addi t ion al 
labora t ory t e s t s  were ne ede d . If s o ,  the pat i e n t  wa s s en t  t o  the 
labora t ory . A f t er th e l abora t ory te s ts were compl e te d, s�e pati e n t s  
le f t  wi th i ns truct i on to re turn a t  a la t er da te for the l a b ora tory 
report . The majori ty o f  pa t i e nt s re tur ned inune d i a tely for a s e cond 
consu l t a t i on wi t h  the phy s icia n .  The ir wa i t  wa s governe d b y  two fact ors : 
( 1) The arriva l of the re port from the lab ora tory and (2 ) The 
ava i la bi l i ty of the phy s i cian and an examina t io n  room . 
16 
A rev i ew o f  the pre s en t  s chedule and an unders t an d i ng of the 
pa t ie n t  f l ow through the c l i n ic.a i ded in the deve l o pmen t o f  the new 
s chedule . 
The s tudy of a phy s ician ' s  pr�ct ice required da t a  concerni ng the 
t ime s pe nt by the pa t i e n t s  a t  each of the various poi n t s  a t  which the 
phys ician, pa t i en t, and nurs e interacted . No da t a  col l ec t i on sys tem 
was known tha t wou l d  g i ve data regarding ( 1) pa t i e n t  arr i va l, 
(2 ) pat i en t  comp l a int, (3) appointment s ta tus, (4) phy s i c ian's arr iva l 
i n  the exami na t i on room, and (5 ) leng th of con s u l t a t i o n  w i th t he 
phys ician . 
To a l low for the s epara t ion of wa i t ing t ime from ac tua l s ervice 
t i�e, i t  wa s nece s s ary to de termi ne three t imes :  ( 1) The t ime the 
pat i e nt arrived at the c l i nic, (2) The t ime the con s u l t a t i on began, 
a nd (3) The t ime the cons u l ta t i on wa s comple ted . A l though the l a s t 
of the s e  three t ime s d id n o t  affect the wa i t ing t ime d i rect ly, i t  
a l lowed the de termi na t i on of the cons u l t a t i on t ime s . Thi s  wa s nee d e d  
t o  deve l op a s chedu l e  a s  we l l  as t o  s imul a te the s y s t em .  
Thre e typ e s  o f  d a t a- col lect i on s ys tems were ava i l abie : ( 1) Work 
s amp l i ng, (2) Co l l e ct i on of da t a  by p a t i e n t s  them s e lve s ,  and (3) The 
col lect i on of a l l  da t a  by an observer . 
The work s amp l ing t e chnique wa s rejected because i t  s up p l i es 
on ly the mean time s a nd n o t  the d i s tribut i ons o f  t ime s.  Al l owing 
pat ient s t o  record th e ir own arriva l t ime and s t ar t a nd comp le t i on o f  
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c ons ulta t i o n  t imes wa s rejected becau se prev i ous a t temp t s  u s ing this 
proce dure were not over ly s ucce s s fu l . S tee le (11 )  rep ort e d  re sult� 
from an o u t pa t i e n t  c l i nic s tudy which s howe d tha t  only 65 to 70 
percent of the d a t a  recorded b y  the pa t i e n t s  were u s ab l e . Moreover the 
phys ica l arrangeme n t  of the c l i nic faci l i ta t e d  the a b i l i ty of a s i ng le 
obs erver t o  rec ord a l l  the re qu ire d t ime s exce p t  the pa t ie n t ' s  actu a l  
t ime of arri va l a t  t h e  cl i nic. It wa s pos s i b l e  t o  record d a t a  on 
nurse/pa t i ent/phy s i c ia n  i nt erac t ion a t  the s ame t ime . 
The f i na l d a t a  c o l lect ion form , shown i n  Figure 2 ,  prov i d e d  
data regard ing { l )  t h e  phys ician ' s  movemen t s , (2 ) t h e  nurs e ' s  
moveme n t s ,  (3) t he pa t i e nt ' s  moveme nt s , and (4) the u t i l i z a t i o n  of 
the examina t i on room . I t  wa s pos s i b l e  to i d e n t ify the actua l 
c onsu l t a t i o n  t ime s from the wa i t ing t ime s by d a ta re duc t i on . 
The f o l l ow i ng i nf orma t i on re lat e s  t o  th i s  form : 
1., Name of pat i e n t  a nd t he na ture of h i s  comp l a i n t  were 
furn i s hed b y  the nurs e from her appointme n t  b ook . 
11Jame s Dav i d  Ste e le, Simula t i on of a Teach i ng Ho spi t a l  Ou tpa t i e nt 
Departmen t, (unpub l i s h e d  Mas ter ' s  the s i s ,  Univers i ty of Mi s s ouri , 
Co lumb i a, 1965). 
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Figure 2 
A typi c a l da t a  c o l lec t ion form wi th da ta. 
Name o f  Pi7 NI7 N0 7 DI7 D07 P07 C onnne n t s  
Ea t i e n t  
Na ture of 
c omE l a i nt 4 : 2 4  4 : 2 4  4 : 2 7 4 : 30 .4 : 33 4 : 3 3  Comments 
Name of PI6 DI6 D06 P06 
Ea t i e n t  Connne n t s  
Na ture of 
c omE l a i n t· 4: 2 9  4 : 3 3 4 : 44 4 : 46 Comme n t s  
Name of PI7 NI7 DI7 
Ea t i e n t  
. NO 7 D07 P07 
Comme n t s  
Na ture o f  
c omE l a i nt 4: 40 4: 42 4 : 44 4 : 4 7 4: 52 4: 5 4  Comme n t s  
2 .  No t a t i on s  used were as f o l l ows : 
Firs t l e t ter 
P - Pa t i e n t  
N - Nurs e 
D - Doc t or 
S e c o nd l e t ter 
I - E n ters 
0 - Exi t s  from 
3 .  Sub s c r i p t s  6 and 7 i nd icate whi ch examin a t i on room was us ed . 
There fore 
PI6 means - Pa t ien t e n t ers room 6. 
N07 means - Nur s e  exi ts from room 7 
DI 6 mea ns - D o ctor e nters room 6 
4 .  The t ime d ire c t ly b e l ow a d e s i gna t or i s  the a s s oc i a te d  eve n t  
t ime. 
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Da t a  wa s c o l l e c t e d  on a tri a l  bas i s  t o  a s c er t a i n  i f  i t  wa s 
pos s i b le t o  o b t ai n  u s ab l e  informa t ion by u s ing thi s d a t a-c o l l e c t i on 
form. Any unusua l t ime s were che cke d  with the me d i c a l  s ta f f  for 
reas onab le ne s s  and a c c uracy. After an ana lys i� of the tri a l  d a t a , 
the propos ed me thod o f  da t a  c o l l e c t i on was ac c e p t e d  as b e i ng f e a s i b l e  
for the purpos e o f  thi s i nve s tiga t i on. 
Da t a  were c ol l e c te d  duri ng a typi c a l  period of ac t iv i t y  a t  the 
c l inic and were a s s ume d to be re pre s entat ive of the popu l a t i on. 
CHAPTER III 
DATA ANALY S I S  AND SIMULATION MODEL 
Data. were c o l lect ed a t  the c l in ic from Octob er 20 , 1 9 71 to 
November 2 0 ,  19 71 ,  on approxima te ly 350 pati e n t - vi s its . The 
2 0  
propos e d  new s chedu le wa s i ns ta l l ed a t  the c l inic for a f i e ld te st o n  
December 2 7 , 19 71. Pos t - i ns ta l la tion data were .co l l ecte d from 
Dec emb er 2 7 , 19 7 1 to January 12 , 19 7 2 .  The d a t a  were the n  a na lyz ed 
to g ive mea n  pa t i e nt wai t ing- t ime , phys ici a n  i dle time , a nd 
d i s tri but i on s  a s  we l l  a s  me a n  va lu es for the var i ou s  t yp e s o f  
c o ns u ltation t imes . Po st- i nsta l la t i on re s u lts were compare d wi th 
pre - i ns ta l l a t i on resu l ts to me a s ure any change s i n  cons u l ta t i o n  t ime s 
and phys i c i a n  and p atie nt i d le t imes . The ob s erver cou l d  n o t  record 
the a ctu a l  arriva l t ime s of the pa t i e n t s  at the c l i nic; c on s e qu en t l y ,  
the s e  time s were n o t ed f or h i m  b y  the re c e p t i oni s t .  
DATA ANALYSIS 
Group i ng o f  data was nec e s sary to obta i n· s u f fic i ent va l u e s  to 
de s cr i b e  the d i s tri bu t i on s , s ince the vari ety of pa t i e nt c omp l a i nts 
were numerou s .  The grou p ing was ju s t i f ied on the groun d s that certa i n  
c omp lai nts had s imi lar me a n  t ime s . For i ns t ance , there were s evera l 
d i f fere nt kinds of phys i c a l  e xamina t i ons: 
1.  C omp l e t e  phys ica l e xamina t ion. 
2 .  Co l le ge phys ica l examina t i on. 
3 .  A th le t ic phys i c a l  e xami na t i on . 
4 .  Adop t i on phys i c a l  exami na t i o n .  
5. Gree n  thumb phy s ica l exami nati on. 
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The f i ve c at eg or i e s  had a t o t a l o f  n i ne te e n  c on s u l t a t i o n s ,  or an 
average o f  le s s  than four eac h .  Obviou s ly, f ive d i s tribu tio n s  cou ld 
not b e  u s e d. Comb ini ng the c a t e g ori e s  gave en ough da t a  t o  o b tain a 
mean· a nd s t a ndard devia t i on . 
Other s imi l ar c omp l a i n t s  were c ombined u n t i l a t o t a l  o f  f ive 
major c a t e g or i e s  f or s che du l e d  pa t ient s  were produ c ed .  
L Phys i c a l  e xami na tions - A l l  cate gori e s  o f  re lat i ve l y  c om p le te 
phys i c a l e xami na ti ons . 
2 .  Ob s t e tric s - New a nd re turn pre - na t a l  obs t e tr i c  c ons u l t a t i o ns . 
3� Pap Smear - Gyne c o l ogi c a l  examina t i ons and pap s me ar s p ec ime n 
c o l le c t i on. 
4. Pos t-Na ta l e xamina t i ons - Pos t - na t a l exami na t i o n s  f or mo thers 
as we ll as the montbly e xami na t i on f or i nfa n t s .  
5. Ge nera l Comp l a i n t s  - A l l  "sick pa t i e n t "  c omp l a in t s  s u c h  a s  
f lu, headache, an d s t omachache . 
Fur ther, t here were pa t ie n t s  wi thin e a c h  c a t e g ory who requ i re d  
two c ons u l t a t i on s  wi th the phys i c ian� The d e termina t i on o f  whi c h  
patie n t s  wou ld ne e d  a s econd c onsu l ta tion n orma l ly was a funct i on o f  
t h e  firs t c o ns u l t a t i o n  a nd he nce c ou l d  n o t  b e  predic t e d . However, 
i t  wa s  obs e rved during the c o l l e c t i on of the pre-ins tallat i on da ta 
tha t n ew o b s t e tr i c  c on s u l ta t i ons and phy s i cal exami na t i on s  a lway s 
requ i red a g iven amou nt o f  labora t ory work . As a resu l t, t h i s 
lab ora t ory work wa s ord ered and s ecure d pri or t o  the f ir s t c ons ultati o n, 
and the s e c on d  c on s u l t a t i on was e l imina te d .  
A hi s t ogram was deve loped for one c onsu l t a t ion and two 
consu l t a t i o n  pa t ie n t s .  The s e  are s hown in Figure s 3 ,  4 ,  5, 6 ,  7i 
9, 10 , 1 1  a nd 12 . Fi gure s 1 1  and 12  are for wa lk-i n pa t i e n ts ;  
as wi l l  b e  dis cu s s e d  l a ter . Each hi s t ogram repre s e n t s  a s amp l e· of 
40 to 60 c ons u l t a t ions �  Inc luded i n  the c ons u l t�t ion t ime s were 
t ime s phys i c i an s p e n t  hun t i ng for pat ie nt rec ords ,  c onsu l t i ng wi th 
o ther phy s i c i a ns ,  a nd wai t ing for the nurs e .  
An a na lys i s  of t he h i s tograms i ndi c a t e d  c erta i n  ·s i g ni f i�an t  
fac t s .  The d i ffere nce s b e twee n  mean t ime s for d i fferent major 
c ategor i e s  were s ma l l , b u t  the d i s p ers i on be twe e n  i nd ividua l 
t imes wi thi n a c a te gory was l arge . 
The me a n s  o f  t he five c a t e gori e s  i n  Tab l e  1 varie d  b y  only 
1 . 4 m i nu te s; but the s ta ndard devi at ions v·ari e d  by 2 . 2  mi nu t e s ,  
a n d  i ndividua l cons u l t a t i on s  vari e d  from l e s s  than one m i nu t e s  
t o  as l ong a s  twen t y- three minu te s .  
2 2  
Q. 
\. 
Fig .  3. The freque ncy vs . · co nsu l ta t ion  time his togram for 
one consulta t io n  Phys ical Examination . 
-·� 
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Cons u l taeion Time. in  Minu te s  
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Fig . 5.  The· freque ncy vs . cons ul tation time hi s tograms for 
two consulta tion Obs te trics patient s .  
{a ) Firs t  · Consu ltation . 
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(b ) Second C onsu l tation 
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Fig . 6. The frequency vs . �onsul tation time his togram for 
one consu l tation Pap S�ear patients . 
� . � . / · /i/J f7 . r 
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Fi g .  7 .  The frequency vs . consulta t i on time his tograms for 
two cons u l ta t i on Pap-Smear pa tient s .  
{a) Firs t Consulta t i on 
1 2 3 . .4 5 6 7 8 9 10 11 12. 13 .. 14 . 15 
C on s u l tat ion Time in Minu tes 
(b)  Second Consu l tat ion 
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Fig . 8. The freque ncy ys . cons ultati on time hi s togra� for 
one cons u l tation Post - natal patient s . 
t . 
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Fig . 9 .  The· frequency vs . consul tation time his togram for 
one c onsu l ta t i on General Complaint pat i ents . 
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{a) Firs t Consultation 
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(b) Second Consul tation 
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Fig .  11. The frequency vs . con�ul tat ion time his t ogram for 
one c onsul ta t i on "Walk - i ns " .  
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Fig . 12 . The frequency vs . consu l tation t ime his tograms for 
two cons u l tation "Wa lk - ins " .  
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Consu l tat ion Time in  Minu tes 
{b ) Sec ond Consul ta t i on 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Consu l ta t ion Time in  Minu tes 
TABLE I 
Means and S t andard Dev ia t i ons of Consu l ta t i on Time s for t he Five 
Ca tegorie s .  
S tan dard 
C omp l a i n t s  Me an Devia t i on 
Phys i c a l exami na t ion 8 . 1 minu t e s  4 . 9 m i nu te s  
Ob s t e tri c s  check 7 . 5  mi nu t e s  2 . 7 minu t e s  
Pap sme ar 8 . 5  mi nu te s  3 . 9 minu t e s  
Pos t - na t a l che ck 7 . 5  mi nu te s  3 . 5  mi nu te s  
Genera l c ompl a in t s  7 . 1 minu t e s  4 . 5  mi nu t e s  
The a na lys i s  a l s o conf inned that the exi s t ing s chedu l i ng 
proc e dure d id not f o l l ow a fixed pa ttern . The b a ck l og o f  pa t ie n t s _  
provided a t  the s t art o f  e a c h  ha l f  day wa s nei ther cons i s te n t  nor 
re a l i s t i c . As s h own in Tab l e  II, c ertain days there wa s l i t t le 
b a ck log . On o ther d ays , the back l og wa s too l �rge . 
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TABLE II 
Backl og Provided at the Start o f  
Each Ha l f  Day . 
Back log of Patients  Provided 
Day 
1 0 : 00 a . m .  2 : 00 p. m .  
November 15 , 1 9 7 1 4 2 
. November 16 , 1 9 7 1 3 3 
Novembe r 1 7 , 1 9 7 1 5 5 
November 1 8 , 1 9 7 1 2 7 
November 1 9 , 1 9 7 1 1 5 
Al though the data i n  Tab le II re lated to one par ticu lar week , the 
s ame i ncons i s t ency in pr oviding the backlogs was evident thoughou t 
the data col l e c tion period . 
When the nur s e  schedu led the pa tient , she u s ed her exper ience 
and j udgement to  e s t imate the durati on of consul tati on t ime ; b u t  
s he did not have enough data at  h e r  dis posal  to be even reas onably 
. accurate . Conceivably thi s lack of data was one of  the reas ons for 
the wide variat i on in the backlogs . 
Another fac tor which wa s given care fu l cons i derat ion wa s  the 
f low of "walk- in" patients . Thi s  author i s  of the opini on tha t a 
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s chedu led pa tient , by his right of having been sche�u le d ,  shou ld have 
to wa i t  a shorter time than a "wa lk- in" patient . That , a l l  scheduled 
patients pre s ent  shou l d  be seen prior to  "wa lk- in" pat i e nt s . Howeve r ,  
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the resu lts  from a typica l week i n  Tab le III ind ica t e  that  "wa lk- in"  
pat ients wa i ted  f or shorter time per i ods than schedu led pat ients . 
The wai t ing per i od for "walk- in"  and scheduled patient s  a rrivi ng at 
the same t ime woul d  be ab out  the same ; however ,  the consu l ta tion t ime 
o f  the "wa lk- in" pati ent causes  a l l  succes s ive schedu led pa t ient s to 
wai t  longe r .  
Day 
October 26 , 1 97 1  
Octobe r  2 7 , 197 1 
October 2 8 , 1 97 1  
October 2 9 , 1 9 7 1 
October 30 , 1 9 7 1 
TABLE III 
Wai t ing Times for "Wa lk- ins " Vs . 




4 1 . 2 
3 7 . 1  
2 9 . 7  
34 . 5  
32 . 1  
minutes 
' . . . 
minutes 
minute s 
minute s  
minute s  
Wai t ing Time / Pa t ient 
"Walk- i n" 
Pat ie nts  
1 9 . 1 minutes  
1 2 . 8 lllinutes  
14 . 1  minu t e s  
14 . 2  minu t e s  
24 . 8  minu tes  
The frequ ency vs . consu l tation time hi s t ogram for  one- a nd two-
consu l ta t i on "walk- in" pa tient s  a l s o  were deve loped . A l l  the 
"walk- in" pat ients  were grouped t oge ther irrespective of the nature 
of the ir complaints . Th is group became the s ixth clas s ifica tion ,  
al ong wi th the f ive maj or categorie s for  the schedu led pat ients . 
For convenience s ake , these  hi s tograms are represen t ed on pages 3 1  
and 32 , al ong wi th other his tograms . 
DESIGN OF THE MODEL 
Sasi e ni , Yas pan and Friedman ( 12 ) s tated , "In many 
cases  the obs erved dis tribu t i ons of servi ce t imes and t imes be tween 
arrivals  cannot be f i t ted by ma thematical  dis tribu t i ons . "  Cove r t  ( 1 3 ) 
s tated  "Sys tem s imu lat i on or the Monte- Car lo s olut i on ,  as i t  i s  s ome times 
known , does not provide a ma thema t ica l ly rigorous s o lu t i on .  The 
nature of  s imu l a t ion ,  involving a random selection of va lues from 
the dis tribu t ions ,  e f fe c t ive ly res u l ts in sampl ing from a universe o f  
s imu la t i ons and hence varia t ion in  the s tatis t ics f r om  the ir  true 
value . "  Ne \Te rthe l e s s , the s imu lation mode l handl ed thes e prob l ems 
adequa te ly and provided a re la t ive ly s imple me thod , al though 
approximate ; for ana lyz ing the c omplex s equential queue ing prob l em 
prese nted by the c lini c . The i nfluence of variou s  s che du l e s  on 
patient wa i t ing t ime and phys ic ian id le time was det ermi ned with the 
s imu la t i on mode l .  The s imu lati on mode l was des igned to  u ti l iz e  the 
variabi l i ty of c onsu l t ion times and the avai labi l i ty of  the phy s i cian , 
the nurs e ,  and the fac i l i t i e s . 
A s imu la t i on a t t empts to  produce hypothe tica l hi s tory by mode l ing 
the impor tant l og i c a l  fac tors . In th is s imu lation ,  the pa t ien t s  
arrived at t h e  c lini c wi th a c omp laint . The s imu lat i on a s s i gned a 
· .  
1 2sas i en i , Maurice , Arthur Yaspan , and Lawrenc e Friedman , Opera t ions 
Re s earch-Me th od s  and Pr obl ems , (New York : John Wi ley and Sons , r"nc . ,  
1 95 9) , p .  14 7 . 
1 �Richard Cove r t , Queue s and Simulation , Copyri ght  1 9 6 8 ,  Pub l i s hed 
by Me chanical Engineering Department , South Dakota S tate  University , 
p . 163 . 
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complaint to each hypo.the tical pa tient such tha t the frac t ion o f  
patients w i t h  e ach complain t  in the simula t ion mode l was sub s tan t i a l ly 
the same as in  the rea l  s i tuati on .  In the same manne r ,  the hypothe t i ca l  
pat ients were proces s ed through the logic s truc ture o f  the hypo thet i c a l  
c l i nic wi th c onsu l tat i on times tha t we re random se lec t i ons from the 
rea l dis tribut ions . 
The s e l e c ted  values  us ed repres ent ed each c e l l of  the his tograms 
for the purpos e of s imu la t i on . This s e lec ted value was a r ea l i s t i c  
one which wou ld a l s o  pr ovide the phys ic ian with the time to  u pdate 
the char t a t  the t ime he c onsul ted wi th the pat ient . 
The l ogica l  s truc ture of the s imu la tion mode l i s  shown i n  
Figure 13 . At  each point that a logical  decis ion was needed ,  such 
as type of c omp la in t , number o f  c onsu l t a t ions , and l e ngth of  c onsu l ­
tation,  the hi s t orica l da ta  whi ch had been converted t o  a cumu la tive 
fre quency chart was used  al ong with a random number tab l e  to obtain 
the needed dec i s i on . The random numbers were s e lec ted from 0 to  9 9  
and the range of  numbers assoc iated wi th each dec is i on c orres ponded 
t o  a por t i on of  the random number range . The propor t i ona l i ty was 
de te rmined  from res u l ts of the pre - s chedu le s tudy . For examp le 
1 2% o f the pat ie nts  i n  Tab le IV had a consu lta t ion t ime o f  one t o  four 
mi nute s .  I f  the random numbe r ass igned was 06 then a cons u l tati on t ime 
of 4 mi nu t e s  was used  in the s imu la tion . In a s imi lar man ne r ,  a random 
number of  65 requ ir ed a c onsul tation ti�e of 7 minutes  in  the mod e l . 
· The t echni c i an a t  the labora tory reported  tha t ,  unde r  norma l 
circums tances , s tandard labora tory tes ts did no t  exceed 10  minu t es .  
Fig . 13 . · Logic s truc ture of  the s imula tion model . 
Draw RN for 
t ime 
---· ------
Draw RN for nature 
De termine nature of 
c omp. l a 1.nt-_._.,___, 
Draw RN for number of 
c onsultati ons 
De termine !im� 
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In the s imu l a t i on mode l ,  10  minu tes was used as the expec ted lab orat ory 
t ime . Whe n the pat i e n t  re turned to the wai t ing are a  from the 
labora tory , he was taken into the firs t avail ab le examina t i on room .  
Di ffe renti a l  
Time 
( 1-4) minu t e s  
(5- 8) minu t e s  
( 9- 12 )  minute s 
( 1 3 - 16)  minu t e s  
TABLE I V  
Cons u l t a t i on Times for One- Consu l ta tion  
Obs tetrics  Pa ti ents 
Se lec ted 
Time i n '  Percentage 
Minutes  
4 1 2% 
7 6 1% 
10 2 3% 




00- 1 1  
1 2 - 7 2  
73- 95 
9 6 - 9 9  
Emergenci e s  were not cons idered i n  thi s mode l .  I t was a s sumed 
that a true emergency was a pri ori ty patient an9. as such was accepte d  
b y  al l pa tien t s  a s  a legi tima t e  cause of  wa it ing . 
The advantage o f  such a s imu lat ion mode l was tha t  the appointmen t  
proc edure c ou l d  b e  a l tered and s tudied without affec ting the norma l 
operation o f  the c l ini c .  S ta r ting wi th a s chedu l e  s imi lar  t o  the 
appoi ntme nt sys t em i n  opera t i on ,  a number of  s chedu les were s imu late d  
to arr ive at one in  wh ich 7 5  pe rcent of  the patients were s e e n  b y  the 
phys ician wi thin  fi fteen mi nu t es of their appointment t ime s . I t  might 
be noted tha t becau s e  o f  the need to regis ter  the pat i en t  and forward 
his pape rwork to  the nur s e , s ome de lay in see ing the phy s i c i an a lway s  
occurred . 
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The resu lts  of the vari ous schedu les were ana lyzed in  terms of 
average pat ien t wai t i ng time and average phys ic ian idle t ime per day . 
On the bas i s  of the se ana lyses one appointment schedu l ing s ys tem 
was found tha t me t the obj ec tives of this inves t i ga t i on . 
CHAPTER IV 
RESULTS 
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The new appointment sche du ling sys tem was a modi fied b l ock 
sys tem us ing fi fteen-minute interval s  be tween arriva ls . A t  the 
beginni ng o f  each interva l , one , two , or  three patients  were 
scheduled de pending on the t ime as s ociated wi th tha t interva l . The 
firs t two interva ls of each hour were more heavi ly schedul e d  as shown 
in Table V. At · the phys ician ' s  reques t a fifteen minu te break was 
provided b e tween 3 : 45 p .m .  and 4 : 00 p . m. Becaus e  of the 
variabi l i ty of cons u l ta t i on t imes , the time of thi s break was 
cons i'dered f lexi b l e  and was adjus te d to the pat i ent f l ow on any 
particular day . 
The backlog o f  three patients a t  10 : 00 a . m .  and 2 : 00 p . m .  was 
to insu re tha t  the phys ician wou ld not have to  wai t  for pat ie n t s  
at the s tart o f  t h e  s e s s i on .  The "walk- in" patients were informed 
that the phys ician cou l d  consu lt wi th them a.'t li :OO noon and 
5 : 00 p . m .  Thi s  was to e nsure that the "wa lk- in" pat ients  wou ld not 
di srupt the norma l ope ra t ion of the schedu le . 
The means and s tandard devi ations of cons u l ta t i on t imes for al l 
the categor ies  obtained from the Pos t- ins ta lla tion data are shown 




The Propos ed Schedu le 
Number o f  
Arr iva l s  
10 : 00 3 
10 : 15 - - - - 2 
10 : 30 - - - - - - - - - - - 1 
10 : 4 5  - - - - - - - - - - - 2 
1 1  : 00 - - - - 2 
1 1 :  15  - - - - 2 
1 1 : 30 - - - - - - - - - 1 
1 1 : 45 - - - - 1 
A f ternoon 
2 : 00 
2. : 15 
2 : 30 
2 : 45 
3 : 00 
3 : 15 
3 : 30 
3 : 45 
4 : 00 
4 : 15 
4 : 30 
















Means and s tandard deviations of cons u lta.t i on 
t imes for the five categories . 
S t anda rd 
Category Mean Devi a t i on 
Phys ica l examina t ion 8 . 4  minu te s 4 . 8  minute s 
Obs te trics  6 . 8 minutes  2 ·. 5 mi nu te s  
Pap smear 7 . 2  minutes 3 . 1  m i nutes  
Pos t - nata l check 7 . 7 minutes 3 . 6  minut es 
Genera l c omplaint s 6 . 9  minutes  4 . 0  minu t e s  
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To ensure tha t the c onsul ta tion popu la t i on had not changed s ince  
the ·inves t igat i on was s tarted , s tudent ' s  " t "  t es t  was c onduc ted on  
the  mean va lue s o f  all  categories  of consul tat ion time s be fore and 
. after i ns ta l la t ion o f  the new s chedule . I t  was fou nd tha t  the mean 
times were not s i gni fican t ly different at 0 . 05 leve l of  s i gn i ficance . 
A s amp le c a l cu la t ion of " t "  s ta t is tic is  shown in Appendix C .  
The resu l ts ob tained us ing the o ld schedule , the s imu la t ion  
and the new s chedu le for  the ave rage patient wa i t ing time s are  in 
Tab l e  VII . 
Simulat i on run 
Old sys tem 
New sys tem 
TABLE VII 
A Comparison of Patient Wai ting Times 
Average Wai t i ng Time/ Pat ient 
In Minute s 
6 . 63 
32 . 34 
14 . 86 
Di fference between  o ld and new sys tems 1 7 . 48-lc-
*Student ' s  " t "  te s t  was conduc ted on these  mean va lues . The 
mean wai t ing times of old and new sys tems s ignificant ly di ffered a t  
P < . 05 .  
I t  is  inte res ting to  note that the reductiop in average pat ient 
wai ti ng t ime was not attained at  the expense of increas ed phys ic ian 
idle t ime . A comparis on of phys ic ian idle t imes are in  Tabl e  VII I . 
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TABLE VIII  
A Compari s on of Phys ic ian Idle  Times . 
Simu lation run 
Old sys tem 
New sys tem 
Di fference be tween old and new sys tems 
Average phys i c ian i d l e  
time /day i n  minutes  
25 . 3  
24 . 0  
15 . 5 . 
8 . 5* 
*Student ' s  " t "  te s t  was conducted on these  mean va lue s . The 
mean phys i c ian idle  t imes o f  old and new sys tems s i gni f ic ant ly 
di ffered at P < . 05 . 
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The data ana lys i s  showed tha t 71  percent of  the punc tual pat ients  
wa i ted le ss  than fi fteen minu tes for the ir appointme nts wi th the 
phys ic ian , and 75 per cent wai ted le s s  than eigh teen minutes . 
There was a b i g  di ffe renc e  in  average patient wai t ing time and 
average phys i c ian i d l e  t ime between the s imulation run and the new 
appointment system. A lthough some var iables were control le d  i n · the 
s imu lation mode l ,  the re were other variab l es which were not c ontrol led . 
The se uncontrolled variab les acc ounted for at leas t s ome o f  the s e  
di fference s .  Some of the s e  uncontro l led variables were t e le phone 
cons ul tat ions , emergenc ies , and the unpunc tua l i ty of the phys ic ian . 
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As the phys ician returned reques �s for t e lephone c onsu l ta ti ons  
from one o f  hi s two exami na tion rooms , he  p laced thes e  pat ients  ahead 
of s cheduled patients . Usua l ly these calls  were s tarted during i d le 
times , but were not d i s c ont inued exac t ly when pat ients  arrived . 
Emergencies  di srupted the schedu le because of the unexpe c t ed 
demand on the phys i c ian ' s  t ime . Sometimes emergenc ies kept  the 
phys i c ian away from the c l ini c for a fu l l  ses sion . The patients  had 
to be re s chedu l ed later in the same day or on the next day . Thi s  
crowding of  the s chedu le natura l ly created exce s s ive wai t i ng t ime 
which did not occur in the s imu lation .  
The e f fe c t  o f  physician unpunc tual i ty was obvi ou s . I f  the new 
schedu le was to be  fol l owed ,  and the phys ician was fi f tee n minu te s  
late , the queue was five un its . He norma l ly hand led about  four 
consu l tat i ons pe r hal f  hour , inc luding second c onsu l tat ions . 
Cons equent ly ,  this  exc e s s ive backlog carried throughou t the s e s s ion 
and resu lted i n  extra wai t i ng time for the patient . This was 
probab ly the larges t c ause  for d i f ferences be tween  times for the 
s imu lation run and the new appointment sys tem . 
CHAP'I'ER V 
CONCLUSIONS AND RECOMMENDATIONS 
The obj ec t ive of this i nves tigati on was to detennine a des ign 
procedu re by wh ich a n  appointment schedu ling sys tem c ou l d  be 
deve lope.d in  wh ich 7 5  percent of the punc tua l patients wou ld  be  s e e.n 
by .the phys ic ian within fi fteen minutes of the i r  appoint.me nt  t ime s , 
and to tes t the new .:; ch�du le in  an actua l c l inic  s i tu a t i o n .  From the 
three weeks of  p os t- ins tal l a t i on data. c ol lect ion it was found tha t  
7 1  percent of  the punc tua l  pa tients wai ted  les s than fi fteen  minu te s  
and 75 percent o f  the patient s  wai ted les s than e ighteen mi nu te s . 
The average pat ient wai t ing time was reduced from 32 . 34  minutes  
t o  14 . 86 mi nu te s  - a redu c t i on of 54 perce nt . The ave rage phys i c i an 
· idle t ime/day was reduced from 24 minute s  to 15 . S  minu te s - a 
reduc t i on of  35  percent . 
The s e  resu l ts i ndica t ed the usefulne s s  of  a s imu la t i on mode l  in  
the deve l opme nt of  a s chedu le that can  reduce the average wai ti ng 
time of patients . This  mode l a ls o  demons trated that pa t i e n t  wai ting 
t' ime and phys ic ian i d l e  t ime can be reduced withou t having to sacri f ice 
one for the o ther . 
The au thor i s  i nc l ined t o  agree w i th We l ch and Bai ley , ( c f .  page 3 )  
who s tated that  abou t  80 percent o f  pa tie nts are ear ly o r  o n  t ime for 
the ir appointmen t s  and the phys icians are invariab ly late  for the ir 
c linic ses s ions . The punctua li ty of phys ic ians is  yery e s s e n t ia l  for 
smooth and e ffic ient operat i on of any schedu le - more s o  for s c hedu le s  
where a back l og o f  pa t ients i s  provided a t  the s tart o f  each s es s i on . 
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I f  the phy s i c i an can not  b e  on  time for  the c linic , the  nur s e  s hou ld 
be informed su ffic ient ly in  advance so  that the whole s c he du l e  can 
be moved backwards to  su it the phys ic ian ' s  arriva l t ime . Thi s  woul d  
insure the s chedu le agains t dis rupt ion caused by the phys i c ian ' s  
unpunctua l i ty . 
The ins ta l la t i on of a des irab le schedu ling pat te rn for pat i en t  
vi s i ts is  b y  n o  means the end in the s earch for operationa l  e f ficiency 
of c lini c s . The e ffec t iveness  of an appointment sys tem i s  dependent 
on i ts cont inued e f ficiency . Therefore , those managing the c li niGs 
mus t  be ever s e ns i t ive t o  changes that a ffect the efficiency of  the 
sys tem and mus t  cons tant ly as s es s  its e ffec tivenes s .  
RECOMMENDATIONS 
1 .  A more de tai l ed s tudy , which wou ld take into  accou nt tho s e  
variab le s not cons ide red  in  this s tudy - variables  such as  emergenc ies 
and te lephone c onsu l tations , cou ld be undertaken in  an e f fo r t  to  
des i gn a mode l more s ens i tive to  changes in real l ife . 
2 .  Thi s  mod e l  c ou ld be tried with grea ter faci l i ti e s  such as 
two nurs es and three examinat ion rooms t o  di s cover how this  change 
might affec t  the average patient waiting time and average phy s i c ian 
. 
id le t ime , as we l l  as  the ove ra l l  ec onomics of  the ·c l inic . 
APPENDIX A 
INPUT TABLES 
· The fol l owi ng input tab les ar·e provided for de tennining the · 
nature of c omplai nt , the number of consu ltations wi th the phys i c ian , 
and the c ons u l ta t i on t imes f or s imu lat ion . 
TABLE I 
Tab le for Determining the Na ture o f  Complaint 
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Na ture o f  Complai nts  Percentage Random Number Range 
Genera l complaints  46% 00-45 
Obs te tri c s  25% 4 6 - 70 
Pap smear 8% 7 1 - 78 
Pos t - natal check 15% 7 9 - 93 
Physical  examina t i on 6'70 94 - 9 9  
TABLE II 
Tab le for De termining the Number of 
Consu l ta t i ons with the Phys i c ian 
Genera l Complaints  Perce ntage Random Number Range 
one- c onsu ltation 75% 00- 74 
two- consu l tat ions 2 5% 75 - 99 
Obs tetrics  
one - c onsu l tat ion 70% 00- 6 9  
two-c onsu l tat i ons 30% 7 0 - 9 9  
Pap smear 
one- consu ltation 54% 00- 5 3  
two- consu l ta tions 46% 54- 99 
Pos t - natal  Check 
one - consu ltation 100% 00- 99  
two- consu l tations  
Phys ical Examinati ons 
one- c onsu l tati on 88% 00- 87 
two- c onsu l ta t i ons 1 2% 89- 99 
' 'Wa 1 k - Ins ' '  
one - cons u l tation 66% 00- 6 5  
two- cons u l ta t ions 34% 6 6 - 99 
5 0  
5 1  
TABLE III 
Consultation Times for Obs tetrics Pat i en t s  
One Consu ltation Patient s 
Di fferent ial Time 
(1 -4)  minu te s 
(5 - 8) minu te s 
(9- 1 2 )  minutes 
( 13- 1 6 )  minutes 
Di ffere ntial  Time 
( 1 -4)  minutes 
(5- 8) minutes  
Di fferent i a l  Time 
( 1-4) minutes 
(5 - 8 )  minutes 
(9- 12 ) minutes  
( 13- 16 )  minutes  
Se lec ted Time Perc entage 
4 minu tes 12% 
7 minu tes  6 1% 
1 0  minutes 23% 
1 3  minutes  4% 
Two Cons u l tat i on Pat i ents  
Firs t Consu l tation 
Se lec ted Time 
3 minutes  




Sec ond Consu l tation 
Se lected Time Percentage· 
3 minu te s 32% 
7 minu te s 42% 
10 minutes  2 1% 
14 minu te s 5% 
Random_ Number Range 
00- 1 1  
1 2 - 72  
7 3 - 95 
96- 9 9  
Random Number Range 
00- 78  
7 9- 99 
Random Number Range 
00- 3 1  




Cons u l tation Times for Pap Smear Patie nt s . 
Di fferent ia l Time 
(1-4) minutes  
(5 - 8)  minu tes  
(9- 1 2 )  minutes  
( 13 - 16 ) minutes  
Di fferential Time 
( 1-4)  minute s 
(5- 8) minutes  
(9- 1 2 )  minute s 
( 13- 16)  minutes  
Di fferent ial  Time 
(1-4) minutes  
(5 - 8)  minutes  
(9- 1 2 )  minutes  
One Consu l tation Pa tien ts 
S e lec ted Time Pe rc entage 
3 minu te s  20% 
6 minu t e s  50% 
1 1  mi nut
.
e s  25% 
14 minute s  5% 
Two Cons u l tation Pat ients 
Firs t Consultation 
S e le c ted Time Percentage 
3 mi nutes  5 3%  
6 minute s 2 9% 
1 0  mi nutes  12% 
1 4  minutes  6% 
Second Consultati on 
Se lec ted Time Percentage 
3 mi nutes 35% 
6 minutes 47% 
10 mi nute s 18% 
Random Number  
00- 1 9  
2 0- 6 9  
70- 94 
95- 99  
Random Number 
00- 5 2  
5 3- 8 1  
82 - 93 
94- 9 9  
Random Number 
0 0 - 34 
35 - 8 1  
82 - 99 





Consu lta tion Time s for Genera l Complaint s  
Di f ferentia l Time 
( 1 -4) minutes  
(5 -8)  minute s  
(9- 1 2 )  minutes 
(13- 16)  minutes 
(17- 20)  minu tes 
Di f fere ntial  Time 
( 1 -4) mi nu tes  
(5 - 8) minu te s 
(9- 1 2 ) minutes 
( 1 3- 16)  minutes 
Differential  Time 
( 1-4) minutes 
(5- 8 )  mi nutes 
(9- 12) minute s 
( 13- 16) minutes 
One Consu ltation Pat ients 
Se lected  Time Perc entage Random Numbe r 
3 mi nute s 33% 00- 3 2  
7 mi nutes  4<J% 3 3 - 8 1  
1 0  minute s 12% 82 - 93 
14 minutes 4% 94- 9 7  
1 7  mi nute s  ·2% 98- 99  
Two Consu ltation  Pat ient s  
Firs t Cons u l tat ion 
S e lec ted Time Percent age Random Numbe r  
3 minutes 47io 00-46 
6 mi nu te s  3 1% 4 7 - 7 7  
1 0  mi nutes l <J% 7 8 - 9 6  
1 4  minu t e s  3% 9 7 - 99 
Second Consu ltation 
Se lected  Time Percentage Random Numbe r  
3 minu te s  44% 00-43 
7 minu te s 44% 44- 87 
10 mi nu t e s  <J% 88- 96 
15 minute s  3% 9 7 - 99 





Cons u l ta ti on Times for Phys i c a l  Examinat.ions 
One Consul tat ion Pa tients 
54  
Di fferent ial  Time Se lec ted Time Percentage Random Numbe r Range 
(1-4)  minutes 3 minutes 19% 00- 18 
(5 - 8) mi nutes 7 minu t es 36% 1 9 - 54 
(9- 12)  minute s 
• 
10 minutes 1 3% 5 5 - 6 7  
( 1 3 - 16)  minute s 14 mi nutes  19% 68-86  
( 1 7- 20)  minu tes  19  minutes 1 3% 8 7 - 99 
Two Consu l tat ions 
Fi r s t  Consu l tation 
Di fferential  Time S e l e c ted Time Percentage Random Number Ra nge 
( 1 -4) mi nutes 3 minu tes 34% 00- 3 3  
(5-8)  minutes  7 mi nutes 45% 34- 78 
(9- 12 ) minu tes 10 minutes 2 1% 7 9 - 9 9  
Sec ond Consu l tati on 
Di fferenti a l  Time S e l ec ted Time Percentage Random Number Range 
(1-4)  minutes  4 mi nutes  50% 00-49 
(S- 8) mi[J.utes 6 mi nutes 40% 5 0 - 8 9  
(9- 12 ) minutes  1 1  minutes 7% 90- 96 
(13- 16)  mi nutes  . 14  minutes 3% 9 7 - 99 
Di fferent ial  Time 
( 1-4)  mi nutes 
(5 - 8)  minutes 
(9- 12 ) mi nutes 
( 13 - 16) minutes  
Di fferential Time 
( 1 -4) minute s 
(5- 8) minutes 
( 9- 12 ) minu t e s  
( 13- 16 ) minute s 
Di fferen t ia l  Time 
( 1-4)  minutes  
(5- 8) mi nutes 
(9- 12)  minu tes 
( 13- 16) minu tes 
5 5  
TABLE VII 
Cons u l tation Times for n wa lk- Ins I I  
One Consu ltat ion Patients 
Se lec ted Time Percentage Random Numbe r Range 
3 mi nu tes  39% 00-38  
6 mi nutes  4 1% 3 9 - 7 9  
10 mi nutes  16% 80- 95 
14 mi nu tes 4% 96 - 9 9  
Two Consu ltation Patients  
Firs t Cons u l tation 
Se lec ted Time Percentage Random Numbe r  Range 
3 mi nu t e s  42% 00-4 1  
6 mi nutes  3 1% 4 2 - 72  
9 mi nutes  2 3% 7 3 - 95 
14 minu te s  4% 96- 99  
Sec ond Consul ta t i on 
Se lec ted Time Percentage Random Number Range 
4 minu tes 42% 00-4 1  
7 minute s 39% 42 - 80 
10  minutes  15% 8 1 - 95 
1 5  mi nu te s  4% 9 6 - 99 
TABLE VIII 
Cons u l tat ion Time for Pos t-Natal Check s  
One Consu ltat ion Patients  
5 6  
Di fferent ial Time 
(1 -4)  minutes  
(5 -8)  minutes  
(9- 12)  minutes  
Se lee  ted Time 
3 minu tes  
7 minutes  
10 mi nutes 





25 - 7 9  
80- 99  
5 7  
APPENDIX B 
Simulat i on run o f  one typica l day at the c li nic is  repr oduced . 
1 .  IO : OD PI6 
Phys i ca l  Exami na t i on 10 : 00 
--
2 .  10 : 00 PI 7 
Gen e ra l Comp l a i nt 10 : 00 
3 .  10 : 00 PI6 
Ge ne ra l  Comp l a i nt 1 0 : 0 7 
4 .  10 : 15  PI 7 
Pa p Sme a r  10 : 15  
-
5 . 10 : 15 PI6 
Ge ne ra l  Comp l a i n t  10 : 1 5 
6 . 10 : 30 PI 7 
G e ne ra l Com p l a i n t  10 : 30 . 
7 . 10 : 4 5  PI6 
Gene r a l C om p l a i nt 10 : 4 5  
8 .  10 : 4 5  PI7 
Ge ne ra l  Comp l a i n t  10 : 50 
DI6 D06 
10 : 00 10 : 0 7 
DI 7 D07 
10 : 07 10 : 10 
DI6 D06 
10 : 10 10 : 1 3 
DI 7 D07 
10 : 1 5 10 : 26 
DI6 006 
10 : 2 6 10 : 2 9  
rn 7 D07 
10 : 30 10 : 3 3 
DI6 D06 
10 : 45 10 : 5 2 
DI 7 D07 
10 : 5 2  1 1  : 0 2  
P06 
10 : 0 7 
PO] 
10 : 1 0 
P06 
10 : 13 
P07 
10 : 26 
. P06 
10 : 2 9  
P07 
10 : 3 3 
P06 
10 : 5 2  
P07 
1 1  : 02 
\JI 
CX> 
9 . . 1 1  : 00 PI6 
Obs t e tr i c s  1 1 :00  
10 . 1 1 : 00 PI 7 
Phys i c a l Exam i na t i on 1 1  : 0 3  
1 1 .  1 1 : 1 5  PI 6 
Po s t - Na ta l Check 1 1 : 1 5 
1 2 . 1 1 : 1 5 PI 7 
Pa p Sme a r  1 1 : 1 5 
1 3 . 1 1  : 3 0 PI5 
P o s t Na t a l  Che ck 1 1  : 30 
14 . 1 1  : 45 PI 7  
Pap Sme a r  1 1  :45  
-
15 . 1 2 : 0 0 PI 6 
Wa l k- i n  12 : 00 
1 6 . 1 2 : 0 0 P I 7  
Wa l k- i n 1 2 : 0 0 
DI6 D06 
1 1 : 02 1 1  : 06 
DI 7 D07 
1 1 : 06 1 1 : 0 9  
DI6 D06 
1 1 : 15  11  : 22 
DI 7 D07 
1 1  : 2 2  1 1  : 32 
DI 5 D05 
1 1 : 3 2 1 1 : 39 
D I 7  D 0 7  
1 1  : 4 6  1 1  : 5 7 
DI 6 D06 
12 : 00 12 : 05 
DI 7 D07 
12 : 06 1 2 : 16 
P06 
1 1 : 06 
P07 
1 1 : 09 
P06 
1 1  : 2 2 
P07 
1 1  : 3 2 
P06 
1 1 : 39 
P07 
1 1  : 5 7  
P06 
12 : 06 
P07 
12 : 16 
PI 6 DI 6 
1 1 : 40 1 1 : 40 
no6 
1 1  :46  
P06 
1 1 :46  
VI 
"° 
1 7 .  12 : 00 PI6 DI6 006 DI6 D06 P06 
Wa lk- i n  12 : 07 12 : 1 6 12 : 19 12 : 25 12 : 2 9  1 2 : 2 9  
1 8 . 2 : 0 0  PI6 DI6 D05 P06 
Ob s t e t r i c s  2 : 00 2 : 00 2 : 0 7 2 : 0 7 
1 9 . 2 : 00 PI 7 DI 7 D07 DI 7 D07 P07 
Obs te t r i c s  2 : 00 2 : 0 7 2 : 1 0 2 : 1 7 2 : 2 4 2 : 24 
2 0 . 2 : 0 0  PI 6 DI6 D06 Pr>6 
Ge ne ra l C omp la i n t  2 : 0 7 2 : 1 0 2 : 1 7 2 : 1 7 
2 1 .  2 : 1 5  PI 6 DI 6 D06 P06 
Pa p Sme a r  2 : 1 7  2 : 24 2 : 30 2 : 30 
2 2 . 2 : 1 5 PI 7 DI 7 · no 7 P07 
Phy s i ca l  Exami na t i on 2 : 24 2 : 3 0  2 : 40 2 : 40 
2 3 . 2 : 30 PI 6 DI 6 D06 DI 6 D06 P06 -
Pap Sme a r  2 : 30 2 : 40 2 : 4 3  2 : 4 8  2 : 5 1 2 : 5 1 
24 . 2 : 4 5  PI 7 DI 7 D07 P07 
Ge n e ra l Comp l a int 2 : 45 2 : 45 2 : 48 2 : 4 8  
2 5 . 2 : 45 PI 7 DI 7 D07 P07 
Ob s t e tr i c s  2 : 5 0  2 : 5 1  2 : 5 8  2 : 5 8  
0\ 
0 
2 6 . 3 : 0 0  PI6 DI6 D06 P06 
Ob s te t ri c s  3 : 00 3 : 00 3 : 07 3 : 07 
2 7 .  3 : 00 PI 7 DI7 D07 P07 
Ge ne ra l Comp la i nt 3 : 00 3 : 0 7 3 : 14 3 : 14 
2 8 . 3 : 1 5 PI6 D I 6 D06 P06 
Ge n e ra l Comp l a i n t  3 : 1 5  3 : 15 3 : 2 9  3 : 2 9 
2 9 .  3 :  15 PI 7  DI 7 D07 P0 7 PI 6 DI6 D06 P06 
Obs t e t r i c s  3 : 1 5 3 : 2 9  3 : 3 2 3 : 3 2  3 :47· 3 :49 3 : 5 2  3 : 5 2  
3 0 . 3 : 3 0  P I 6 DI 6 D06 P06 
Ge n e r a l Comp la i nt 3 : 30 3 : 32  3 : 4 6 3 : 4 6 
3 1 .  3 : 45 PI 7 DI 7 D07 DI 7  D07 P07 · 
Ob s te t r i c s  3 : 45 3 : 4 6  3 : 4 9 3 : 5 2 3 : 5 9 3 : 5 9  
3 2 . 3 : 45 PI 6 . D r6 ·. D06 P06 
Ge be ra l C omp l a i nt 3 : 5 2  3 : 5 9  4 : 0 6  4 : 0 6 
3 3 . 4 : 0 0  P I 7 DI 7 D07 P07 
Ge ne ra l Comp l a i nt 4 : 0 0  4 : 0 6  4 : 1 6 4 :  1 6 
31+ .  4 : 0 0 PI 6 DI 6 D06 P06 PI 6 DI6 D05 P06 
Ob s t e tr i c s  4 : 0 7 4 : 1 6 4 : 1 9 . 4 :  1 9 4 : 3 4 · 4 : 3 5  4 : 3 8  4 : 3 8 °' t-' 
35 . 4 : 1 5 PI 7 DI 7 
Ge ne ra l Comp la i nt 4 : 1 6 4 : 1 9 
3 6 . 4 :  15 PI6 DI 6 
Pa p Smea r 4 : 1 9 4 : 2 2  
3 7 .  4 : 30 PI 7 DI 7 
G e n e ra l C omp l a i n t  4 : 35 4 : 38  
3 8 . 4 : 4 5  PI 6 DI 6 
Ge nera l Comp la i nt 4 : 45 4 : 4 5  
3 9 .  5 : 00 PI 7 DI 7  
Wa lk- i n  5 : 02 5 : 0 5  
40 . 5 : 00 PI 6 DI 6 
Wa l k - i n  5 : 0 5  5 : 1 1 
4 1 . � : OO PI 7 DI 7  
wa l k - i n  5 : 1 1  5 : 2 1  
D07 D I 7  D07 
4 : 2 2  4 : 32 4 : 3 5  
D06 P06 . P I 7  
4 : 3 2 4 : 3 2 4 : 5 0  
D 07 _ P07 PI 7 
4 : 4 1  4 : 4 1  4 : 5 5  
D06 DI6 D06 
4 : 5 1  5 : 02 5 : 05  
D0 7 P 07 P I 7 
5 : 1 1 5 : 1 1 5 : 32 
D06 P06 
5 : 2 1 5 : 2 1  
D07 P07 
5 : 3 1  5 : 3 1  
P07 
4 : 35 
· D I 7 
4 : 5 1  
DI 7 
4 : 5 5  
P06 
5 : 05 
DI 7 
5 : 32 
D07 
4 : 54 
D0 7 
5 : 02  
D0 7 
5 : 3 9  
P07 
4 : 54 
Po7 
5 : 02 
P07 




Samp l e  " t "  t es t on the me an va lue s  o f  c ons u l ta t i on t ime s 
of Phy s i c a l  Examina t i ons b e fore and a f t er the s c he du l e . 
t = !xi - x2) - cf
· 
/
n1 n2 (n1+n2- 2) 
/ 
n1+n2 2 2 (n1 - l ) s 1 + (nz - l ) s 2 
Whe re 
x 1 = me an of s amp le 1 
xz = mean of s amp l e  2 
s 2 
.... 
1 - var i anc e  o f  s amp l e  1 
2 var ia nc e of s amp l e  2 8 2 = 
n 1 = s i ze of s amp le 1 
n2 = s i z e  o f  s amp le 2 
df = de grees o f  fre e d om = Il l + nz - 2 
63 
t = (8 . 4  - 8 . 1) - 0 
� 8 x 4 . 82 + 1 8  x 4 . 92 
0 . 3  /15 9 t = --
/616 
t = 0 . 153  
Theoretica l t = 1 . 706 . 05 , 2 6 
Ca lcu lated t <( t . 05 , 26 
/ 19  x 9 (2 8 - 2) 28 
64 
The ca lcula ted t is  not s igni ficant at . 05 l eve l o f  s i gn i f ic ance 
and 26 degrees of freedom .  
So , we c onc lude tha t we do not have evidence t o  re j e c t  the nu l l  
hypothe s i s .  That i s ,  we assume tha t the means are not from d i f ferent 
popu lations . 
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